Introduction
Covalently linked donor-acceptor (D-A) dyads in which the donor unit is a tetrathiafulvalene (TTF) derivative [1] are a well-known class of precursors for molecular metals and superconductors. [2] They have received much attention A C H T U N G T R E N N U N G especially in the last few years because of their potential applications in molecular electronics and optoelectronics, photovoltaics, nonlinear optics, [1a, 3] 
although the use of bridged DA C H T U N G T R E N N U N G (TTF)-s-AA C H T U N G T R E N N U N G (TCNQ)
(TCNQ = tetracyano-p-quinodimethane) dyads as molecular rectifiers was theoretically postulated in 1974. [4] Undoubtedly, the important feature in such compounds is the possibility for an intramolecular charge transfer (ICT) to occur; this clearly depends on the nature of the linkage between the redox active units. The systems characterized so far consist either of fused TTF-acceptor derivatives, with acceptor moieties such as dipyridophenazine, [5] diquinone, [6] pyrazine, [7] and phtalocyanine, [8] or in compounds containing a s-type spacer between the TTF unit and acceptors like TCNQ, [9] tetracyanoanthraquinodimethane (TCNAQ), [10] C 60 , [11] carbon nanotubes, [12] fluorene, [13] TCNQF 4 , [14] and pyridinium cations, [3a, 15] or a p-conjugated spacer such as a double bond between the TTF and a pyridinium cation, [16] or a triple bond between the TTF and pyridine [17] or 2,2'-bipyridine units. [18] However, only a few TTF-A compounds described so far have a direct link Abstract: Reaction of 2,4,6-trichloro-1,3,5-triazine with lithiated tetrathiafulvalene (TTF) in stoichiometric conditions, followed by treatment with sodium methanolate, provides monoand bisA C H T U N G T R E N N U N G (TTF)-triazines as new covalently linked (multi)donor-acceptor systems. Single-crystal X-ray analyses reveal planar structures for both compounds, with formation of peculiar segregated donor and acceptor stacks for the monoA C H T U N G T R E N N U N G (TTF)-triazine compound, while mixed TTF-triazine stacks establish in the case of the bisA C H T U N G T R E N N U N G (TTF) derivative. Cyclic voltammetry measurements show reversible oxidation of the TTF units, at rather low potential, with no splitting of the oxidation waves in the case of the dimeric TTF, whereas irreversible reduction of the triazine core is observed. Intramolecular charge transfer is experimentally evidenced through solution electronic absorption spectroscopy. Time-dependent DFT calculations allow the assignment of the charge transfer band to singlet transitions from the HOMO of the donor(s) to the LUMO of the acceptor. Solution EPR measurements correlated with theoretical calculations were performed in order to characterize the oxidized species. In both cases the spectra show very stable radical species and contain a triplet of doublet pattern, in agreement with the coupling of the unpaired electron with the three TTF protons. The dication of the bisA C H T U N G T R E N N U N G (TTF)-triazine is paramagnetic, but no spinspin exchange interaction could be A C H T U N G T R E N N U N G detected.
Keywords: charge transfer · donoracceptor systems · EPR spectroscopy · nitrogen heterocycles · structure elucidation · tetrathiafulvalenes between the TTF unit and the acceptor, such as in TTF-pyridinium cations, [19] or an oxophenalenoxyl-TTF derivative, [20] thus leading to a more efficient intramolecular charge transfer and to planar structures, as a consequence of the conjugation between the donor and acceptor. In this respect this type of derivative can be compared with the fused TTF-acceptor systems that also posses these advantages. Note that an extensive series of TTF-pyridine, -pyrimidine and -quinoline derivatives, as redox active ligands precursors for multifunctional materials in which the TTF was directly connected to the nitrogen heterocycles, have been reported, but without any mention though to a possible ICT. [21] A particularly interesting acceptor unit is represented by the 1,3,5-triazine skeleton, which, besides its electron-acceptor character, possesses luminescence properties in certain derivatives, [22] and, moreover, substituted triazines can be sequentially synthesized starting from the commercially available 2,4,6-trichloro-1,3,5-triazine (cyanuric chloride) reagent. Nevertheless, to our knowledge, only a single example of covalently linked TTF-triazine derivative has been mentioned to date, [23] without structural characterization though, nor further investigations. We report herein the synthesis and structural characterization of unprecedented planar D-A systems consisting in directly linked mono-(1) and bis-A C H T U N G T R E N N U N G (TTF)-1,3,5-triazines (2), together with experimental and theoretical evidence for intramolecular charge transfer. We also report on solution EPR measurements of the radical cation species of both compounds, in order to account for the electron delocalization, correlated with theoretical A C H T U N G T R E N N U N G calculations.
Results and Discussion
Synthesis and solid-state structures: The TTF-dimethoxy-1,3,5-triazine 1 and bisA C H T U N G T R E N N U N G (TTF)-methoxy-1,3,5-triazine 2 were synthesized by nucleophilic substitution of one or two chlorine atoms by TTF units upon reaction between lithiated TTF and 2,4,6-trichloro-1,3,5-triazine, followed by quenching in situ the intermediate TTF-dichloro-1,3,5-triazine and bis-A C H T U N G T R E N N U N G (TTF)-chloro-1,3,5-triazine with sodium methanolate to replace the remaining chlorine substituents by methoxy groups (Scheme 1).
Conversely, methoxydichlorotriazine can be also used as reagent towards lithiated TTF, to obtain 1 with higher yields. [24] Note that a small amount of the C 3 -symmetric tris-A C H T U N G T R E N N U N G (TTF)-triazine, as confirmed by mass spectrometry, [24] was also isolated, yet its complete lack of solubility precluded any structural investigations. The D-A compound 1, obtained as dark red crystals upon recrystallization in acetonitrile, crystallizes in the monoclinic system, space group P2 1 /c. [24] Interestingly, the overall geometry of the molecule is close to planarity, as shown by the small value of only 6.148 for the dihedral angle between the adjacent dithiole and triazine mean planes, thus indicating a certain degree of conjugation between the donor and acceptor. Moreover, short N1···S1 intramolecular contacts of 2.91 are observed, which probably favor the mutual planarization of the donor and acceptor moieties, besides the likely conjugation in between thanks to the direct linkage ( Figure 1 ).
The packing diagram shows a complete segregation of donor and acceptor fragments, which organize in homostacks of TTF and triazine along b in a head-to-head alignment, with rather short intra-and interstack S···S contacts, within 4 , as emphasized in Figure 2 . This peculiar architecture is an important prerequisite in view of the design of electronic devices such as TTF-based field-effect A C H T U N G T R E N N U N G transistors. [25] Compound 2, containing two donor TTF moieties covalently linked to one acceptor triazine molecule, crystallizes as violet plates in the monoclinic system, space group C2/c. Once again, the molecule shows almost planar conformation in the solid state, with small values of 8.618 and 6.658 for the two characteristic dihedral angles between the triazine ring and the mean planes of the adjacent dithiole rings S1A À S2A and S1B À S2B, respectively. Also, as previously observed in the structure of 1, short intramolecular N···S contacts amounting to 2.87-2.88 are established (Figure 3 ). However, unlike the previous D-A system, there is no segregation this time between the donor and acceptor parts in the packing at the solid state; the molecules stack upon formation of D-A-D triads, with rather short intermolecular D···A distances of around 3.5-3.6 ( Figure 4 ). Lateral intermolecular S···S contacts as short as 3.52 are observed in the bc plane, while the shortest S···S distances along the stacking direction a are at the van der Waals limit.
Cyclic voltammetry measurements demonstrate good donor ability for both compounds, with reversible oxidations at + 0.41 V and + 0.79 V versus SCE for 1, and + 0.43 V and 0.76 V versus SCE for 2. [24] The values of the first oxidation potentials are slightly anodically shifted when compared to the parent TTF. [1] Note the somewhat broader signals in the case of 2, a likely consequence of two successive one-electron oxidation processes. In the region of negative potentials one can observe the irreversible reduction of the triazine unit, at À1.98 V and À1.65 V for 1 and 2, respectively, in agreement with its electron-acceptor character. [26] There is evidently a quite large difference between the reduction potentials of 1 and 2, suggesting a stronger electron-acceptor character for the triazine in the latter.
UV/Vis spectroscopy and theoretical calculations: To evidence the occurrence of donor-to-acceptor ICT, solution UV/Vis/NIR measurements were performed ( Figure 5 ). In the absorption spectra of both compounds, besides the typical TTF absorption band centered around 300 nm, broad bands in the visible region at l max 492 nm for 1 and 530 nm for 2, characteristic of ICT, [5a] can be observed and they are clearly responsible for the dark red or violet colors of our compounds. The difference between the l max of the two bands indicates a smaller HOMO-LUMO gap for 2, also in agreement with the CV measurements. Note that a chargetransfer band is not observed in a solution prepared from TTF and a methoxytriazine derivative, [24] thus ruling out the hypothesis of an intermolecular charge transfer. 
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Usually, theoretical calculations allow the assignment of these bands to HOMO D !LUMO A electronic transitions. To have a better understanding on the nature of the D-A character of our compounds, we performed theoretical calculations at DFT/B3 LYP/6-31 + G* level on the neutral 1 and 2, starting from the experimental X-ray structures as input geometries. Accordingly, DFT optimization on 1 leads to four energy minima (only positive frequencies) corresponding to practically planar conformations of C 1 symmetry, with very small dihedral angles between the triazine and the adjacent dithiole ring amounting to 18 and differing in between by the relative orientation of the methoxy groups. [24] The four equilibrium geometries have essentially the same energy (DE maxÀmin = 1.05 kcal mol
À1
) and one of them, which is only 0.45 kcal mol À1 above the global minimum, corresponds to the orientation of the methoxy groups observed in the solid state. We therefore analyzed the frontier orbitals on this conformation. As can be observed in Figure 6 the HOMO is of p-TTF type, while the LUMO, also of p-type and rather low in energy (À2.103 eV), is mainly based on the triazine unit, yet with a sizeable participation of the dithiole half directly linked to the triazine. This last feature indicates a certain degree of conjugation between the donor and acceptor units. The associated HOMO-LUMO energy gap amounts to 2.75 eV.
DFT optimization for 2 also leads to four energy minima which are practically isoenergetic (DE maxÀmin = 0.84 kcal mol À1 ), with the corresponding conformations of C 1 symmetry being practically planar, as demonstrated by the small values of about 18 for the dihedral angles between the tri-A C H T U N G T R E N N U N G azine ring and the adjacent dithiole halves. [24] The differences between the four equilibrium geometries rely on the relative orientation of the TTF units and the methoxy group, one of them corresponding to the experimental solid-state structure. Accordingly we based our orbital analysis on this conformation ( Figure 7) . The HOMO and HOMOÀ1, both of p type, are developed respectively on each TTF unit, with an energy difference in between of 104 meV. The LUMO, even lower in energy (À2.429 eV) when compared to the LUMO of 1, extends mainly over the triazine unit, but also on both adjacent dithiole halves, thus suggesting a conjugation in the molecule and an enhanced electron-acceptor character ( Figure 7) . The HOMO-LUMO energy gap is now 2.42 eV, in agreement with the observation of the ICT band at higher wavelength in the UV/Vis spectrum. The calculations also correlate with the cyclic voltammetry measurements (vide supra).
Furthermore, vertical excitations were calculated on the optimized ground state geometry of 1 and 2, at the time-dependent DFT level. [24] For 1, the lowest energy allowed singlet transition, predicted to be at 2.31 eV (536 nm), with an oscillation strength f = 0.067, is of p HOMO -p* LUMO type, clearly corresponding to an intramolecular CT transition from the TTF donor to the triazine acceptor. Moreover, the theoretical value for the transition energy is in excellent agreement with the experimental one deduced from the UV/Vis spectrum. On the other hand, since in 2 HOMO and HOMOÀ1 are relatively close in energy and possess the same symmetry, the lowest energy transition, calculated at 2.04 eV (608 nm) with an oscillation strength f = 0.144, appears as a combination of ICT from both TTF donors towards the LUMO of the triazine. Once again, the calculated transition energy, which is red-shifted when compared to 1, correlates with the experimental value.
EPR spectroscopy and theoretical calculations: One of the main objectives in the TTF field relies on the preparation of radical cation salts upon chemical or electrochemical oxidation. We therefore decided to characterize the oxidized species of 1 and 2 in solution by the means of EPR spectroscopy to have a quantitative estimation of the electron delocalization in these radicals. In particularly, one important question to address concerns the nature of the dication 2 2 + , that is, diamagnetic or paramagnetic species, taking into account that both TTF units in 2 are likely to oxidize at the same potential when considering the unique oxidation wave observed in cyclic voltammetry (vide supra). In this respect, the study of the radical cation 1C + would provide us first helpful information about electronic distribution in a mono-A C H T U N G T R E N N U N G (TTF)-triazine system, which could be then compared with those obtained in the case of the bisA C H T U N G T R E N N U N G (TTF)-triazine compound. Electrochemical oxidation of a solution of 1 in THF, in situ in the EPR cavity, leads to an intense EPR spectrum centered at g = 2.0083. As shown in Figure 8 , the hyperfine structure results from the coupling with three spin 1 = 2 nuclei: two protons with a coupling constant A iso = 3.6 MHz and an additional proton with A iso = 2.2 MHz. The shape of the lines suggests that some unresolved hyperfine couplings and motion effects cause a broadening of the signals.
The corresponding radical species is very stable and, at room temperature, its spectrum is observed several hours after the voltage has been switched off. The same spectrum is obtained by chemical oxidation of a solution of 1 with the ferricinium salt [Cp 2 Fe]A C H T U N G T R E N N U N G [PF 6 ]. It is worthwhile mentioning that chemical oxidation can lead to some aggregation/flocculation which can cause an appreciable broadening of the EPR signals; it is therefore important to work with much diluted solutions (10 À6 m). To rationalize the EPR results, we performed unrestricted DFT calculations on the radical cation species of 1. First, geometry optimization on 1C + afforded, as in the case of the neutral precursor, four energy minima, [24] which are now perfectly planar, that is, C s symmetric, and very close in energy within an energy range of DE maxÀmin = 4.47 kcal mol À1 , corresponding to the four possible orientations of the methoxy groups. The optimized geometry and SOMO for the global minimum are represented in Figure 9 .
Consistent with the SOMO, calculation of the spin densities, ranging between 16 and 19 % for the S atoms and amounting to 10 and 12 % for the central C6 and C10 atoms, respectively, clearly indicates that the unpaired electron is totally localized on the TTF moiety. The resulting hyperfine coupling constants, calculated at the DFT/B3LYP/ aug-cc-pPVDZ level, [24] reproduce the triplet of doublets observed on the EPR spectrum very well, since the two protons, H13 and H14 bound to C11 and C12, respectively, present the same coupling constant A iso = À3 MHz, while the proton H9 attached to C7 is characterized by a smaller constant A iso = À2 MHz. All other coupling constants are very small (averaged A iso = 0.07 MHz for 1 H for the methyl group C22; and A iso = 0.64, 0.65, À0.18 MHz for 14 N for N21, N5, N2, respectively) and, likely, contribute only to a broadening of the EPR lines. Clearly, cyclic voltammetry, EPR measurements and DFT calculations show that oxidation of 1 leads to a very stable radical cation mainly localized on the TTF moiety.
Cyclic voltammetry measurements (vide supra) in the case of the compound 2 suggest undoubtedly that formation of the dication species is very likely favored upon oxidation. Similar bisA C H T U N G T R E N N U N G (TTF) donors described by Iyoda et al., [27] containing a benzene or a pyridine spacer between the redox active units located in meta position with respect to each other on the aromatic rings, also shown a pair of two-electron oxidation waves at comparable potential values. It was postulated on the basis of a spin-polarization mechanism that the dication species should have a triplet ground state due to ferromagnetic coupling between the two TTF radical cations. Theoretical calculations at unrestricted HartreeFock level for 1,3-bisA C H T U N G T R E N N U N G (TTF)benzene also predict that the triplet state is more stable than the singlet. [28] However, to our knowledge, these assumptions have not been experimentally proved. Note that EPR investigations evidenced spin-spin exchange interactions within a series of biradical dications of dimeric TTFs containing 1,1-vinyl linkers. [29] In the present study, electrolysis of a solution of the bisA C H T U N G T R E N N U N G (TTF)-triazine 2 in THF, at a potential corresponding to the first oxidation wave, gave rise to oxidized species for which the EPR spectrum resembles to the one obtained for 1C + , since it also contains a triplet of doublet pattern (Figure 10 ). 
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Both coupling constants slightly differ when compared to those measured in the case of 1. Indeed, the coupling constant with two equivalent protons, thus accounting for the triplet, amounts to 3.9 G, whereas a constant of 1.2 G is measured for the third proton. A large increase of the voltage does not alter this spectrum which is particularly persistent. Clearly, this spectrum is not due to a radical species delocalized over the entire molecule. To clarify the nature of the oxidation product, several experiments were carried out by using [Cp 2 Fe]PF 6 as oxidizing agent and by varying the ratio 1 = [oxidant]/ [2] (1 = 0.25, 0.5, 1, 2) in such a way that a couple of samples very likely contain a mixture of neutral, monocationic, and dicationic species in equilibrium, with probably the monocation in larger amount than the dication (1 = 0.25 and 0.5), while the sample with 1 = 2 essentially contains only the dication. All measurements were carried out at very low concentration to avoid any aggregation or precipitation. Except for their intensity, which increased with 1, all spectra were identical to the one shown in Figure 10 . This suggests that both the monocation and the dication of 2 lead to the same spectrum, which exhibits coupling constants close to those observed for the radical monocation 1C
+ containing a single TTF unit. As explained in pioneer investigations of Rassat et al. with biradicals containing two nitroxide groups, [30] and exemplified later on in other biradical compounds, [31] the mono-and biradicals have the same coupling constants when the spin exchange coupling constant J is small compared to the hyperfine coupling. This implies J close to zero for 2 2 + and, therefore, one can conclude that the triazine ring makes the two TTF units practically independent.
Furthermore, DFT calculations were performed on the dication 2 2 + for its triplet state. Accordingly, geometry optimization afforded four minima of C s symmetry within an energy range DE maxÀmin = 2.83 kcal mol
À1
, corresponding to different relative orientations of the methoxy group and the TTF units. [24] As expected, there is a degeneracy at the HOMO level, with the two p-type orbitals located on each TTF respectively, while the global minimum corresponds to a C 2 symmetric conformation if one does not take into account the methoxy group which breaks this symmetry ( Figure 11 ).
The calculated coupling constants (DFT/B3 LYP/aug-ccpPVDZ) are the same for the four minima and amount to A iso = À2 MHz for the coupling with the external TTF protons and to A iso = À1 MHz for the coupling with the internal TTF protons. Consistent with the experimental spectrum, for J = 0, these values lead to an hyperfine structure composed of a triplet of doublet. Clearly the dication 2 2 + is paramagnetic, yet with no sizeable exchange interactions between the unpaired electrons of each TTF.
Conclusion
During this work, covalently linked donor-acceptor systems based on the unprecedented direct linkage between one or two TTF donors and a 1,3,5-triazine unit have been synthesized through a simple synthetic procedure. Interestingly, single-crystal X-ray analyses revealed planar structures, with formation of segregated column of TTF donors and triazine acceptors in the case of the TTF-triazine 1, and establishment of mixed donor-acceptor stacks in the packing of the (bis)TTF-triazine 2. Intramolecular charge transfer (ICT), arising from HOMO-LUMO singlet transitions, has been experimentally evidenced through solution UV/Vis spectroscopy and theoretically confirmed by time-dependent DFT calculations. The extent of the electron delocalization in the radical cation 1C + and in the dication 2 2 + , generated upon chemical or electrochemical oxidation of the precursors, has been investigated by EPR spectroscopy and theoretical calculations. Thus, both donor-acceptor derivatives we described here are certainly interesting molecular materials precursors in view of their solid-state structures and electronic properties. Further studies concerning especially photophysical investigations, as well as the synthesis of soluble C 3 symmetric triA C H T U N G T R E N N U N G (TTF)-triazine derivatives are under active investigation in our laboratories.
Experimental Section
General: Dry CH 2 Cl 2 and CH 3 CN were obtained by distillation over P 2 O 5 and THF and diethyl ether were distilled over sodium and benzophenone. NMR spectra were recorded on a Bruker Avance DRX 500 spectrometer operating at 500.04 MHz for 1 H. Chemical shifts are expressed in parts per million (ppm) downfield from external TMS. The following abbreviations are used: s, singlet; d, doublet. The EI MS spectrum of 1 was recorded on a Thermo Electron Corporation TRACE-DSQ apparatus, with direct introduction probe at 70 eV, while the MALDI-TOF MS spectrum of 2 was recorded on Bruker Biflex-IIITM apparatus, equipped with a 337 nm N 2 laser. Elemental analyses were performed by the "Service dAnalyse du CNRS" at Gif/Yvette, France.
Method A for 1 and 2: LDA (2.4 mmol, 1.2 mL, 2 m in hexanes) was added to a solution of tetrathiafulvalene (TTF) (409 mg, 2 mmol) in diethyl ether (15 mL) at À78 8C under magnetic stirring. The mixture was stirred for 45 min and a yellow precipitate appeared. Then a solution of cyanuric chloride (74 mg, 0.4 mmol, 0.2 equiv) in THF (30 mL) was added dropwise. The color turned immediately to blue, and then to black when the solution was allowed to warm at RT. Then, MeONa (65 mg, 1.2 mmol) in methanol (10 mL) was added and the color slowly changed to red. The mixture was filtered onto celite, concentrated under vacuum and chromatographed. Two main products 1 (red powder) and 2 (purple powder) could be separated on silica gel (DCM:cyclohexane 1:1 as eluant), with the later eluted first. Most of the unreacted TTF could be also recovered by chromatography. A very small amount of the C 3 -symmetric trisA C H T U N G T R E N N U N G (TTF)-triazine derivative was also isolated with this procedure. [24] 2-Tetrathiafulvalene-4,6-dimethoxy-1,3,5-triazine (1) Method B for 2: LDA (1.65 mmol) freshly prepared (0.23 mL of diisopropylamine and 1 mL of BuLi (1,6 m in hexanes) in diethyl ether (10 mL) were added to a solution of TTF (306 mg, 1.5 mmol) in Et 2 O (15 mL) at À78 8C. After one hour, a solution of cyanuric chloride (69 mg, 0.38 mmol) in THF (50 mL) was added dropwise. Then, the mixture was allowed to warm slowly (5 h). At À15 8C, MeONa (30 mg, 0.57 mmol) in methanol (15 mL) was added and the color turned to purple. The mixture was treated at RT as previously to obtain 2 (80 mg, 21 %).
Method C for 1: 2,4-Dichloro-6-methoxy-1,3,5-triazine (180 mg, 1 mmol) in THF (50 mL) was added to a solution of lithium-tetrathiafulvalene (1 mmol), prepared in situ as in method B, in diethyl ether (15 mL) at À78 8C. The mixture was allowed to warm to À10 8C. Then, MeONa (108 mg, 2 mmol) in methanol (15 mL) was added. The color turned immediately to red. After one night at RT, the mixture was filtered onto celite, concentrated under vacuum and the resulting mixture purified by chromatography on silica gel (DCM:cyclohexane 1:1) to afford 1 as a red powder (37 mg, 11 %).
X-ray structure determinations: Details about data collection and solution refinement are given in Table 1 . X-ray diffraction measurements were performed on a Bruker Kappa CCD diffractometer, operating with a Mo Ka (l = 0.71073 ) X-ray tube with a graphite monochromator. The structures were solved (SHELXS-97) by direct methods and refined (SHELXL-97) by full-matrix least-square procedures on F 2 . [32] All nonhydrogen atoms were refined anisotropically, apart from the C7 carbon atom in 1. Hydrogen atoms were introduced at calculated positions (riding model), included in structure factor calculations but not refined. Crystals of 1 were very thin needles, therefore the data set was only of medium quality.
Electrochemical studies: Cyclic voltammetry measurements were performed in a glove box containing dry, oxygen-free (< 1 ppm) argon, by using a three-electrode cell equipped with a platinum millielectrode of 0.126 cm 2 area, an Ag/Ag + pseudo-reference electrode and a platinumwire counter electrode. The potential values were then re-adjusted with respect to the saturated calomel electrode (SCE). The electrolytic media involved a 0.1 mol L À1 solution of (n-Bu 4 N)PF 6 in THF. All experiments were performed at room temperature at 0.1 V s
À1
. Experiments were carried out with an EGG PAR 273 A potentiostat with positive feedback compensation.
EPR measurements: EPR spectra were recorded on a Bruker 300 spectrometer (X-band). Electrochemical oxidations were carried out in situ in the EPR cavity by using a two-electrode cell; solutions in THF or CH 2 Cl 2 (10 À6 m) were carefully dried and degassed, ammonium hexafluorophosphate (0.1 m) was used as supporting electrolyte. Sample tubes for the study of chemical oxidation products were prepared inside a glove-box.
Theoretical calculations:
The optimized geometries were obtained with the Gaussian 03 [33] package at the DFT level of theory. The B3 LYP functional [34] with the 6-31 + G* basis set was used. Vibrations frequency calculations performed on the optimized structures at the same level of theory yielded only positive values. Time-dependent DFT calculations were performed at the B3 LYP/6-31G* level on the equilibrium geometry corresponding to the conformation found in the crystal structure. Hyperfine coupling constants were calculated at the DFT/B3LYP/aug-ccpPVDZ level. 
